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Incubation of unfixed and unfrozen slices of skin in 
diaminobenzidine allows visualization of a peroxidatic 
activity in perinuclear envelope of supra basal keratino-
cytes undergoing orthokeratotic differentiation. Basal 
keratinocytes and melanocytes are always negative. 
This enzyme is absent in mucous and parakeratotic (pso-
riatic) differentiation. Mitochondria are also strongly 
stained by this technique and it was shown that the 
number of epidermal mitochondria is greatly increased 
in psoriatic lesions. 
D iaminobenzidine (DAB) was first employed as a cytochem-
ical reagent to detect by electron microscopy horseradish per-
oxidase, used as a tracer in cells and t issues [1]. This reagent 
has since been used to study different heme-containing enzymes 
as tracers such as myeloperoxidase [2], lactoperoxidase [3], 
catalase [4] and cytochrome c [5] as well as hemoglobin [6]. 
DAB has also been used to study endogenous peroxidatic 
activities of catalase in peroxisomes, cytochromes in mitochon-
dria [7] and peroxidases in different tissues such as thyroid 
epith elium, serous cells of submaxillary acini, acinar cells of 
parotid gland and murine Kupffer cells (see for review reference 
8). Such an activity has also been found in uterine epithelium 
[9], colon epithelium [10]. Moreover appearance and successive 
localizations of peroxidatic activity has proved to be a useful 
cytochemical marker to study maturation and differentiation of 
myelomonocytic cells (see for review reference 11), macro-
phages [12-14] and murine Langerhans cells [15]. Finally such 
a peroxidatic activity in myelomonocytic cells has been used as 
a marker of lysosomal functions [16] and permitted us to 
describe the pathogenic role of eosinophils in bullous pemphi-
goid blister formation [17]. 
Greatly improved detection of enzymes with peroxidatic ac-
tivity were obtained by incubating cells or tissue directly in 
DAB media prior to fixation [18]. Thus it was possible to 
visualize a peroxidatic activity in reticulum endoplasmic of 
human platelets [19) and to study differentiation of human 
monocytes in short and prolonged cultures [20]. 
Using this sensitive method, we have described a peroxidatic 
activity in the endoplasmic reticulum of normal human Lan-
gerha?s c~lls [~11 a11:d we report in this paper the presence of a 
perox1dabc act1v1ty m nuclear envelope and endoplasmic retic-
ulum of supra basal keratinocytes. 
MATERIALS AND METHODS 
4-mm punch biopsies were performed on the inner surface of the arm 
of 6 normal volunteers and on the inner surface of the cheek of one 
volunteer. Biopsies were also performed on psoriatic lesions of 6 pa-
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tients. For 2 of these psoriatic patients biopsies were taken in an area 
overlapping the psoriatic lesion and normal surrounding skin. These 
biopsies were rapidly cut into slices of 0.7 mm thickness perpendicular 
to the surface of the skin with a recently described hand microtome 
(22]. 
-One slice was directly incubated for 2 hr in Karnovsky fixative [23]. 
Thereafter this slice was incubated in Graham Karnovsky medium 
as previously described [16]. 
-The second slice was incubated for 2 hr in a tannic acid aldehyde 
mixtw·e at low concentration [20,24] at 4°C. After washing, it was 
incubated at 4°C all night in a medium containing 2 mg/ ml 3'3 
diaminobenzidine (DAB) in 0.05 M trisbuffer (pH 7.6) without H20 2. 
Thereafter the slice was incubated 1 hr at 20°C in the same medium 
plus H20 2 at a final concentration of 0.01%. After incubation and 
washing this slice was postfixed in 1% Os04 for 2 hr. 
-The third slice was directly incubated without fixation in a medium 
containing 2 mg/ml DAB and 0.003% of H20 2 in Ringer-Tris buffer 
(pH 7.3) (18], for 3 hr at 4°C and then, in a freshly prepared medium 
for 1 hr at 20°C. After washing the slice was fixed and postfixed as 
the first one. 
To determine the specificity of the peroxidatic activity other slices 
were maintained in buffer containing either: (a) 2.10-2 M 3-amino 1,2,4 
triazole (AMT); (b) 10-2, lo-·•, 10-5, 10- ". 10- 7 M KCN; c/ 10-2 M azide, 
during 2 hr at 4°C, prior to incubation in DAB media containing the 
same concentration of inhibitors for 1 hr at 4°C followed by 1 hr at 
room temperatuJ·e. Slices were also iJ1Cui.Jated in DAB medium in the 
absence of H 20 2• Positive staining of mitochondria was taken as a 
control of the good penetration of the cytochemical reagents. 
Dehydration, embedding, and correlated analysis at light and elec-
tron microscopic levels were performed on the same cells as previously 
described [22]. 
RESULTS 
Using unfixed tissue a peroxidatic activity was clearly seen in 
the nuclear envelope and more sparsely in the rough endoplas-
mic reticulum of supra basal keratinocytes (Fig 1,3). The 
smooth endoplasmic reticulum cisternae were not detected. 
Basal keratinocytes as well as melanocytes were always nega-
tive. However keratinocytes leaving basal position but still in 
connection with basal lamina became positive (Fig 1). As in 
other cell types treated by this method, mitochondria were 
strongly reactive. 
The peroxidatic activity observed in the nuclear envelope 
was suppressed by prior fixation in Karnovsky or in tannic acid 
aldehyde mixture. It was inhibited by 2.10- 2 M aminotriazole, 
w-z M azide and 10- 2 M KCN. Incubation of skin slices in DAB 
medium without HzOz gave negative results. In contrast the 
DAB deposit observed on corneocytes (Fig 1) seems to be 
unspecific since it was also observed in the presence of peroxi-
dase inhibitors. 
Differential inhibition of mitochondrial cytochrome c oxidase 
and of the peroxidatic activity contained in perinuclear enve-
lope could be performed by decreasing doses of KCN. At KCN 
10- 4 M mitochondria were negative but the remaining staining 
of perinuclear envelope of keratinocytes, Langer hans' cells and 
skin resident macrophages were faint (Fig 4). 
The cytochemical staining of nuclear envelope could be ob-
served by both light and electron microscopy on thick and thin 
sections (Fig 2C) however this staining could occasionally be 
very faint and difficult to observe with the light microscope. In 
sections thicker than 1 J1 the strong mitochondrial staining 
could hide the faint perinuclear staining. Finally, in normally 
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FIG l. Ultrastructural observation of a normal epidermis undergoing orthokeratotic differenciation. A peroxida tic activity (PA) is present in 
the perinuclear env~Jlope and the endoplasmic reticulum of supra basal keratinocytes. Basal keratinocytes (B) and Melanocytes (M) are negative. 
One keratinocyte leaving basal position become positive* (X 3,600). 
appearing skin of one volunteer the perinuclear staining could 
be light and not all supra basal keratinocytes were positive. 
The peroxidatic activity observed in the nuclear envelope of 
the supra basal keratinocytes seems to be specific for ortho-
keratotic differentiation. As a matter of fact the supra basal 
keratinocytes of mucous membrane were always clearly nega-
tive (Fig 5) and the supra basal keratinocytes of parakeratotic 
psoriatic lesions were also negative (Fig 6). It should be under-
lined that slices of skin containing psoriatic lesions and unin-
volved adjacent skin exhibited clearly positive suprabasal ker-
atinocytes in uninvolved skin and clearly negative supra basal 
keratinocytes in parakeratotic adjacent psoriatic lesion (Fig 2 
A-C). 
Peroxidatic activity of cytochrome c oxidase present in mi-
tochondria gave a clear mitochondrial staining visible under 
light and electron microscope. It could be noticed that mito-
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FIG 2. A, Light microscopic examination of 1 !l t hick unstained section overlappil1g psoriatic lesions (on the left) a nd normal appearing skin (on the righl) (X 75). B, Inset on the left of Fig 2A . In this psoriatic epidermis undergoing parakeratotic differenciation no peroxidatic activity 
could be observed in the perinuclear envelope of supra basal ke ratinocytes. (-->)Very numerous mitochondria could be observed(=) (X 730). C, 
Inset on the right of Fig 2A. In the normal appearing skin undergoing orthokeralotic d ifferentiation a perinucleru· peroxidatic activity could be 
seen(--> ). Mitochondria were in normal number, fairly less numerous than in Figure 2B. (=) (X 730) . 
v 





FIG 3. Ultrastructural examination of a keratinocyte of the stratum 
spinosum of normal orthokeratotic epidermis. A peroxidatic activity of 
t he nucleru· envelope and of sparse fTagments of endoplasmic retic"ulum 
was observed (-->).Mitochondria were clearly reactive(=). (X 9,700). 
chondria are much more numerous in psoriatic keratinocytes 
that in normal skin or in mucous membrane (Fig 2B, 2C, 3, 4, 
6). 
DISCUSSION 
DAB oxidation has been observed as a consequence of a 
speCific enzymatic activity of peroxidases (8], and of catalases 
and cytochrome c [7), but also as a result of pseudo-peroxidatic 
activity of hemoglobin [6), and as nonspecific oxidation [8,25]. 
The DAB oxidation observed in the perinuclear envelope of 
unfixed human epidermis and described in this paper seems to 
be a consequence of a specific peroxidatic activity. Firstly 
because it was suppressed by inhibitors of peroxidase and 
catalase such as aminotriazole and azide (8], and secondly it is 
known that in unfixed t issue, catalases are unable to oxidize 
DAB [18]. Moreover the inhibition of cytochrome c oxidase in 
mitochondria by KCN did not suppress the described peroxi-
datic activity. In contrast, the DAB staining observed on cor-
neocytes seems to be nonspecific because it is also observed in 
controls without H 20 2 and with inhibitors. It could be noted 
that a similar pattern of staining was described in cells actively 
synthetising steroi"ds [26). This later staining was obtained with 
a completely different nonenzymatic technique. 
The appeaTance of a peToxidatic activity in the nuclear en-
velope and in the endoplasmic reticulum of keratinocytes seems 
to be cleru·ly linked to migTation of keratinocytes from basal to 
suprabasal layer dw-ing orthokeratotic differentiation. Thus 
this cytochemical marker could be a convenient tool to study 
orthokeratotic epidermal differentiation. 
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Ftc 4. Ultrastructural examination of keratinocytes of the stratum 
spinosum of normal.orthokeratotic epidermis after inhibition of cyto-
chTome c oxyd&.se by KCN (10- 4 M). A peroxidatic activity of the 
nuclear envelope and of the endoplasmic reticulum was persistant 
(->),but mitochondria were unreactive(=) (X 8,600). 
FIG 5. Ultrastructural observation of keratinocytes of stratum spi-
nosum of normal oral epithelium. No peroJtidatic activity could be seen. 
Mitochondria were clearly reactive. (=) (X 4,600). 
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FIG 6. Ultrastructw·al observation of a keratinocyte of stratum spi-
nosum of a psoriatic lesion. No peroxidatic activity cou ld be seen. The 
mitochondria are very numerous (=) (X 4,600). 
The intense mitochondrial staining obtained by this tech-
nique allows observation of epidermal mjtochondria at light 
and electron microscopic levels. The proliferation of mitochon-
dria in psoriatic keratinocytes is clearly shown in this study and 
confirms previous findings [27]. Interestingly, many antipsori-
atic drugs inhibit mitochondrial functions (28]. Thus is could 
be interesting to evaluate the evolution of the number of 
mitochondria in psoriatic keratinocytes under antipsoriatic 
treatments. 
We want to greatly acknowledge M. Goodhardt for careful correction 
of this manuscript. 
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Announcement 
The Stanfmd University Department of Dermatology will offer a "Mycology Review" on October 1 and 
2, 1982, at Stanford University Medical Center. This AMA acc-redited course is designed for residents in 
dermatology and pathology. Sessions will include lectures covering superficial and systemic fungi and a 
review of cultures and Kodachromes of microscopies. Applicants may register for one or both days; 
sessions will begin at 9:00 AM. For information, please contact : Paul H. Jacobs, M .D., Department of 
Dermatology, Stanford University School of Medicine, Stanford, CA 94305. 
